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$S[\rho, s, v]$ $\vdash$ Lagrangian Lagrange




[6, 7, $8|$ Clebsch potential [9, 10, 11, 12].
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$S[ \rho, s, v]\equiv\int_{nit}^{t_{fIn}}dt\int_{V}d^{3}x\mathcal{L}(\rho, s, v)$ (5)
$\kappa$
$\lambda$
$S_{E}[ \rho, s, v, \kappa, \lambda]\equiv\int_{t_{init}}^{t_{fin}}dt\int_{V}d^{3_{X}}’\{\mathcal{L}(\rho, s, v)-\kappa(\frac{\partial\rho}{\theta t}+\nabla\cdot(\rho v))-\lambda\rho(\frac{\partial s}{\partial t}+v\cdot\nabla s)\}$
entropy
$\delta\rho(x, t_{init})=\delta\rho(x, tf\ln)=0$ (7)
$\delta s(x, t_{init})=\delta s(x, tfin)=0$ (8)
$\kappa,$
$\lambda,$ $v,$ $\rho$ , s $\downarrow$ (6) (3) (4)
$v$ $=$ $-\nabla\kappa+\lambda\nabla s$ (9)
$D_{t}\kappa$ $=$ $- \frac{1}{2}v^{2}+\epsilon+\rho\frac{\partial\epsilon}{\partial’\rho}$ (10)
$D_{t}\lambda$ $=$ $\frac{\partial\epsilon}{\partial s}$ (11)
$D_{t}\equiv\partial_{t}+v\cdot\nabla$ Lagrange $T$ $p$
$(d\epsilon=-pd\rho^{-1}+Tds)$
$p \equiv\rho^{2}(\frac{\partial\epsilon}{\partial\rho})_{s}$ $T \equiv(\frac{\partial\epsilon}{\partial s})_{\rho}$ (12)
$\rho$ (12) (10) (11)
$D_{t}\kappa$ $=$ $- \frac{1}{2}v^{2}+h$ (13)
$D_{t}\lambda$ $=$ $T$ (14)
$h$ enthalpy $h\equiv\epsilon+p/\rho$ Lie $L_{v}\equiv\nabla(v\cdot)-v\cross$ Vx
(9) $\partial_{t}+L_{v}$ (4)
$\partial_{t}v+L_{v}v=-\nabla D_{t}\kappa+(D_{t}\lambda)\nabla s$ (15)
(13) (14) (15) ) Euler
$\frac{\partial}{\theta t}v+\frac{1}{2}\nabla v^{2}-v\cross(\nabla\cross v)=-\frac{\nabla p}{\rho}$ (16)
(9)
$\omega\equiv\nabla\cross v=\nabla\lambda\cross\nabla s$ (17)









$\delta q(t_{init})$ $=$ $0$ (18)






$S[q,p, u]$ $=$ $\int_{t_{in1t}}^{tr\prime n}dt\{L(q, u)+p\cdot(\frac{d}{dt}q-F(q,u))\}$
$=$ $\int_{t_{init}}^{t_{fin}}dt\{-H(q,p, u)+p\cdot\frac{d}{dt}q\}$ (22)
$H(q,p,u)$
$H(q,p, u)\equiv-L(q, u)+p\cdot F(q, u)$ (23)
Hamiltonian $p$
$q$ $p$ (22) $u^{*}(q,p)$ $u^{*}$
$\frac{\partial H(q,p,u^{*})}{\partial u_{1}^{*}}=0$ (24)
$H^{*}(q,p)\equiv H(q,$ $p,$ $u^{*}(q,$ $p))$ (25)
$S^{*}[q,p]$ $S[q,p, u]$
$S^{*}[q,p] \equiv\int_{t_{In1t}}^{t_{\Gamma\cdot n}}dt\{-H^{*}(q,p)+p\cdot\frac{d}{dt}q\}\leq S[q,p, u]$ (26)
$P$ $q$ (26)
$\frac{dq_{*}}{dt}$ $=$ $\frac{\partial H^{*}(q,p)}{\partial p_{1}}$ (27)





(27) (28) $p$ $q$ (24)
$q$ $u$ $F(q, u)\equiv u$ Hamiltonian
32
$\rho$ $s$ $q\equiv(\rho, s),$ $v$ $u\equiv v$
(20) (3) (4) $p\equiv(-\kappa, -\rho\lambda)$ Hamiltonian(23)
$\mathcal{H}(q,p, u)\equiv-\mathcal{L}+\kappa\nabla\cdot(\rho v)+\rho\lambda v\cdot\nabla s$ (30)
(1) (2)
$\int_{V}d^{3}x\mathcal{H}(q, p, u)=\int_{V}d^{3_{X}}\{\mathcal{H}^{*}(q,p)-\frac{\rho}{2}(v+\nabla\kappa-\lambda\nabla s)^{2}\}$ (31)
$\mathcal{H}^{*}(q,p)$
$\mathcal{H}^{*}(q,p)\equiv\rho\{\epsilon(\rho, s)+\frac{1}{2}(-\nabla\kappa+\lambda\nabla s)^{2}\}$ (32)
(6)
$S_{E}[q,p, u]$ $=$ $\int_{t_{init}}^{t_{fin}}dt\int_{V}d^{3_{X}}\{-\mathcal{H}(q,p, u)+p\cdot\frac{\partial q}{\theta t}\}$
$\geq$ $\int_{t_{1nit}}^{t_{fj}}ndt\int_{V}d^{3_{X}}\{-\mathcal{H}^{*}(q,p)+p\cdot\frac{\partial q}{\theta t}\}$ (33)
$p \cdot\frac{\partial q}{\theta t}=-\kappa\frac{\partial\rho}{\partial t}-\rho\lambda\frac{\partial s}{\partial t}$ (34)
(27) (28) $i=1,2$
$\frac{\partial q_{i}(x,t)}{\theta t}$ $=$ $\frac{\partial \mathcal{H}^{*}(q,p)}{\partial p_{i}}-\sum_{j=1}^{3}\frac{\partial}{\partial x_{j}}\frac{m^{s}(q,p)}{\partial(\partial p_{i}/\partial x_{j})}$ (35)
$\frac{\partial p_{i}(x,t)}{\partial t}$ $=$ $- \frac{\partial \mathcal{H}^{*}(q,p)}{\partial q_{i}}+\sum_{j=1}^{3}\frac{\partial}{\partial x_{j}}\frac{\partial \mathcal{H}^{*}(q,p)}{\partial(\partial q_{i}/\partial x_{j})}$ (36)
(3), (4), (13), (14)
\S 31 ( )
(7) (8) (18) (19)
$p(x, t_{init})$ , $\kappa(x, t_{init})$ $\lambda(x, t_{init})$ (35) (36) $q(x, t_{init})$ $q(x, tfin)$ ,
$\rho$ $s$






4 Clebsch potential $A_{i}(x, t)(i=1,2,3)$
$A$. $=$ const
$\partial_{t}A_{i}=-v\cdot\nabla A_{i}$ (37)
$(A_{1}, A_{2}, A_{3})$ Euler Lagrange Jacobian
$\frac{\partial(A_{1},A_{2},A_{3})}{\partial(x_{1},x_{2},x_{3})}=(\nabla A_{1}\cross\nabla A_{2})\cdot\nabla A_{3}$ (38)
Lagrange $a=(a_{1},a_{2}, a_{3})$ $(X_{1}, X_{2}, X_{3})$
$J(a, \tau)\equiv\frac{\partial(X_{1},X_{2},X_{3})}{\partial(a_{1},a_{2},a_{3})}$ (39)
$\rho(a, t)J(a, t)=\rho(a, t_{init})$
$\rho(a(x, t), t_{init})(\nabla A_{1}\cross\nabla A_{2})\cdot\nabla A_{3}=\rho(x,t)$ (40)
$(A_{1},A_{2},A_{3})$ Lagrange $a$ $a$
[9]. $f(a_{1}, a_{2})$ $a_{1}$ $a_{2}$
$A_{1}=a_{1},$ $A_{2}=a_{2},$ $A_{3}=a_{3}+f(a_{1}, a_{2})$ (41)
$\nabla A_{3}=\nabla a_{3}+\frac{\partial f}{\partial a_{1}}\nabla a_{1}+\frac{\partial f}{\partial a_{2}}\nabla a_{2}$ (42)
$f$ $\nabla A_{3}$ $\nabla A_{1}(=\nabla a_{1})$ $\nabla A_{1}(=\nabla a_{2})$
$A_{1}$
$A_{2}$ $a$ $\nabla A_{1}\cross\nabla A_{2}\neq 0$
$\nabla A_{3}$ $\nabla A_{1}$ $\nabla A_{2}$
$A_{3}$ (40)
$\nabla A_{3}=\frac{\rho(x,t)}{\rho(a(x,t),t_{init})(\nabla A_{1}\cross\nabla A_{2})}$ (43)
$A_{i}$ $x$ $t$
( )
$\delta A_{\alpha}(x,t_{\dot{t}nit})=\delta A_{\alpha}(x, tf\ln)=0(\alpha=1,2)$ (44)





$S_{l}[ \rho, s, v, A, \kappa, \lambda,\beta]\equiv S_{E}[\rho, s, v, \kappa_{:}\lambda]-\int_{t_{in}:\iota}^{t_{fin}}dt\int_{V}dx^{3}\sum_{\alpha=1}^{2}\rho\beta_{\alpha}(\partial_{t}A_{\alpha}+v\cdot\nabla A_{\alpha})$ (45)
(7), (8), (44) A
$\frac{\partial}{\theta l}\beta_{\alpha}=-v\cdot\nabla\beta_{a}$ (46)
$\rho$ $v$
$D_{t}\kappa$ $=$ $- \frac{1}{2}v^{2}+$ $+ \sum_{\alpha=1}^{2}\beta_{\alpha}(\partial_{t}A_{a}+v\cdot\nabla A_{\alpha})$ (47)
$v$ $=$ $- \nabla\kappa+\lambda\nabla s+\sum_{\alpha=1}^{2}\beta_{\alpha}\nabla A_{\alpha}$ (48)
(47) (37) (13) $\kappa,$ $\lambda,$ $\rho,$ $s$ (3), (4), (13), (14)
\S 2 Euler (16) (48) $\beta_{1}$ $\beta_{2}$ \S 3
(44) (48)
$\omega=\nabla\lambda\cross\nabla s+\sum_{\alpha=1}^{2}\nabla\beta_{\alpha}\cross\nabla A_{\alpha}$ (49)
entropy$(\nabla s=0)$ $F^{-}$ $\sum_{\alpha=1}^{2}\nabla\beta$ $\cross\nabla A_{\alpha}$
(44) (29)
$|$ $\beta_{1}(x, tfin)=\beta_{2}(x, tfin)=0$ (46) $\beta_{1}(x, t)=\beta_{2}(x, t)=0$




Clebsch Potrential [9] Clebsch potential (41)
[10] Clebsch potential
Clebsch potential Lagrange [1, 5, 6, 9, 10]
[12].








(5) ( ) (45) \S 32
[11, 15] Hamiltonian [12].
[12].
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